Echinococcosis is a zoonotic infection caused by adult or larval stages of cestodes belonging to the genus Echinococcus (family Taeniidae). Two distinct types of Echinococci granulosus life cycle patterns have been described in northern North America and Eurasia: domestic (pastoral) and sylvatic. 1 The former involves dogs as definitive hosts and domestic ungulates, mainly sheep, as intermediate ones. The latter life cycle occurs in the higher latitudes and involves wolves or sled dogs and cervids, such as moose and reindeer. Humans become infected incidentally via ingestion of eggs as a result of direct contact with infected canids that shed proglottids or indirect contact with canid feces containing eggs.
Considerable morphologic and biologic variation has been demonstrated between populations of E. granulosus in different geographic settings and in different host assemblages and, as a result, a number of distinct strains of E. granulosus are now recognized. 1 Differences include features, such as morphology, biochemistry, physiology, pathogenicity, developmental patterns, and infectivity to humans and domestic animals. 1 Our understanding of the nature and extent of variation within the genus Echinococcus has evolved rapidly in recent years through analysis of the nuclear and mitochondrial (mt) genomes of representative isolates of the various strains. [2] [3] [4] [5] [6] To date, nine genotypes (G1-G9) of E. granulosus have been identified using genetic data, and this categorization follows very closely the pattern of strain variation emerging based on biologic characters. 1 Based on data from a limited number of moose cysts, the gene sequences of the sylvatic E. granulosus (cervid strain) indicate that it represents a distinct variant (designated the G8 genotype). 3 Presence of different strains may account for local variation in patterns of echinococcosis pathology altering the public health significance of the disease. An unanswered question remains: do differences in Echinococcus morphology and genotype correlate with clinical differences in the course of human or animal disease? Case-based data from Canada 7 and Alaska 8 suggested that the course of sylvatic disease was somewhat less severe than that of domestic disease, which had not been documented in Arctic regions. Most cases reported were asymptomatic, usually pulmonary cysts, discovered incidentally in older persons during tuberculosis screening programs. These findings led to the recommendation to treat cystic echinococcosis patients in the Arctic conservatively by careful medical management rather than the aggressive surgery recommended for the domestic infection. Several followup case reviews and summaries supported conservative management of sylvatic disease. [9] [10] [11] We recently reported 12 the first two documented E. granulosus human cases in Alaska with accompanying severe sequelae. Here we describe the results of molecular genetic analysis of the cyst material of one of the subjects where DNA extraction was successful. This analysis supported identification of the parasite as the sylvatic (cervid) strain. In addition, we report on new mt DNA sequences obtained for several moose isolates of E. granulosus including the four analyzed previously and an additional sample that we show also conforms to the G8 genotype.
The aspirated contents of four individual cysts of E. granulosus, collected from a road-killed moose in Minnesota in the United States, were fixed in 70% ethanol and dispatched to the Brisbane, Australia, laboratory in 1993. The material was kept at -20°C until required for analysis. Details of earlier genetic characterisation of the four cysts, including its designation as a new genotype (G8) of E. granulosus, can be found in Bowles et al. 3 The contents of a further cyst, taken from the lung of another road-killed moose from Fairbanks, in the interior of Alaska, were similarly fixed in ethanol, transported to Brisbane in 2000 and stored at −20°C.
Cyst contents from two patients from Alaska with severe hydatid disease were dispatched in 2000 to the Brisbane laboratory for analysis. The complete medical history, laboratory findings including diagnostic confirmation of E. granulosus infection, and exposure history have been detailed for the two patients. 12 Genetic analysis of the cystic material was not possible for one of the patients as the tissue sample had been preserved in formalin. Successful analysis was achieved using cystic material obtained surgically from the liver of the other subject, a 17-year old Native Alaskan woman, admitted to a local hospital in southeastern Alaska in July 1999. The case represented the first documented instance in Alaska of dis-seminated cystic Echinococcus in the peritoneal cavity. The patient was born and lived continuously in southeastern Alaska. Her family kept small indoor dogs, which reportedly did not spend any appreciable time outdoors. For the 5 years before becoming ill, the patient lived in a village close to a National Park and Preserve where wolves and moose roam freely. On several occasions during that time period, she traveled to western Washington State to visit relatives who lived nearby several small farms with livestock. As a consequence, she was exposed to potential hosts of domestic cycle E. granulosus, and she may been infected during this period by the severe disease-causing sheep dog strain.
Techniques for genomic DNA extraction from the human and moose isolates of E. granulosus and other Echinococcus genotypes, and polymerase chain reaction (PCR) application for obtaining the mt fragments have been fully described. 6, 13, 14 Most PCR products were sequenced directly while others were cloned into the pGEM-T vector (Promega, Madison, WI). Sequencing of PCR fragments and/or recombinant plasmid DNA was performed on an automated sequencer (ABI 377, Applied Biosystems, Foster City, CA) using specific or M13 universal sequencing primers. Both strands were completely sequenced and at least six sequences (three from each strand) were aligned to obtain the final sequence for characterization.
Sequences aligned using AssemblyLIGN v 1.9c were analyzed using the MacVector 6.5.3 package (Oxford Molecular Group, Inc., Campbell, CA). The extent of genetic divergence among the Echinococcus genotypes was estimated by pairwise comparisons of nucleotide and inferred amino acid sequences. These were aligned by eye and submitted to MEGA2 15 for phylogenetic analysis. Pairwise distances among nucleotide sequences were calculated using the Kimura 2-parameter method to compensate for multiple substitutions. Distances among inferred amino acid sequences were calculated using a Poisson correction for multiple hits. Trees were constructed using the minimum evolution approach. Taenia crassiceps (American strain) sequences 6 were used to provide an outgroup for rooting trees. Bootstrap resampling (500 replicates) was used to gain an indication of the level of support for internal branches.
Sequences within regions of the mt cox1 (partial -391 bp), cox2 (partial -518 bp), atp6 (513 bp), nad1 (partial -471 bp), and nad3 (348 bp) genes were obtained for the one human and five moose isolates of E. granulosus and compared with available sequences 6 or new sequences obtained during the course of this investigation of known Echinococcus genotypes. These genotypes included: E. granulosus G1 genotype (sheep strain) and G4 (horse strain) genotypes from the United Kingdom, E. granulosus G6 genotype (camel strain) from Kenya, E. granulosus G7 genotype (pig strain) from Poland, Echinococcus vogeli from South America and Echinococcus oligarthrus from Panama.
Sequences for the recently collected moose isolate and the human isolate were identical for all genes analyzed indicating that the human case and the moose infection were caused by the same Echinococcus genotype. Furthermore, the sequences obtained for cox2, atp6, and nad3 were identical for the human and five moose isolates. The nad1 sequence obtained for the moose isolates collected in 1993 and that obtained in 2000 differed in only two (one silent) positions (positions 276 and 421; see Figure 5 in Bowles et al. 3 ). The cox1 sequence obtained previously for all four moose isolates was ambiguous at a number of positions 3 . We therefore reanalyzed the cox1 sequence for the four cysts by plasmid cloning of the cox1 PCR products and sequencing of the cloned fragments. The four isolates produced nonambiguous sequence (GenBank Accession no. AY056610) that was identical to that obtained for the recently collected moose and the human isolates. Thus, based on the almost complete identity in the five mt genes analyzed, we conclude that the 5 moose isolates and the human sample were infected with the G8 (cervid strain) genotype of E. granulosus. Inspection of the known cox1 sequences indicated an EcoR1 restriction site (GAATTC, at positions 240-245; see Figure 4 in Bowles et G1  -197  204  204  219  245  229  483  G4  67  -169  173  181  205  189  459  G6  73  53  -7  63  211  216  457  G7  72  52  2  -64  211  218  459  G8  77  60  24  22  -217  215  463  Em  73  58  66  65  70  -219  440  Ev  75  54  67  66  68  66  -453  Tc  180  168  178  178  181  161 al. 3 ) that was present in the majority of the known E. granulosus genotypes but not in the G8 genotype, thereby providing a PCR-Restriction fragment length polymorphism (RFLP) approach for its rapid discrimination from the other forms ( Figure 1) .
The G8 genotype is very distinct from all others, and in particular is genetically distant from the G1 (sheep) strain that is known to cause severe disease and which was initially thought to be implicated in the Alaskan cases. The extent of these differences is shown in Table 1 and Figure 2 . Data used in preparation of the figure and table were the aligned concatenated sequences of cox1, atp6, nad1 (sequence from the human case was used to represent G8), and nad3. After deletion of all positions where any gaps occurred, the alignment consisted of 1674 nucleotide sites. As is clear from Table 1 and Figure 2 , the G8 strain is very different from the G1 strain-about as different as it is from the distinct species Echinococcus multilocularis and E. vogeli. This is further supported by the high bootstrap support (100%) for the branch separating G8 (along with G6 and G7) from other strains and species.
In summary, several reports from Alaska and Canada have documented that E. granulosus causes benign echinococcosis. This contrasts with the complicated and often serious disease found in other parts of the world where the domestic sheep dog strain of E. granulosus is generally thought to be responsible. Two unusually severe presentations of E. granulosus occurred in Alaska in 1999. Molecular genetic analysis of the cyst material of one of the subjects supported identification of the causative agent as the sylvatic (cervid) strain and not the domestic (common sheep strain), which was initially thought to be implicated.
